Abstract:
INTRODUCTION
The impact of non-communicable diseases as a public health problem is well documented. Non-communicable diseases, particularly Cardiovascular Diseases (CVD), are major public health problems ranking as leading causes of mortality around the world [1 -4] . In 2010, the World Health Organization attributed 30% of global deaths to cardiovascular disease [4] .
The number of CVD cases has rapidly increased in the Middle East in recent years. This is believed to result from multiple factors including rapid socioeconomic development, lifestyle changes, urbanization and ageing [5 -7] . The prevalence of CVD in the Kingdom of Saudi Arabia has been reported to be at 5% [6] . A 2014 National Survey revealed that 15.2% of Saudis are hypertensive and 40% were borderline hypertensive [8] .
RESULTS
The study sample consisted of 1,541 KFU Polyclinic patients with ages ranging from 17 to 89 (median age = 48). There were 864 (55.1%) males (median age = 47.0 years) and 677 (43.9%) females (median age = 48 years). The patients included faculty members, administrative staff and their dependents, as well as university students. The Saudi patients comprised 62.45% of the population while the remaining 37.55% were of different nationalities.
Lipid Profile and Dyslipidemia Prevalence

Total Cholesterol
The mean total cholesterol of the study population was 5.14 ± 1.05 mmol/L. More than half (51.1%) of the samples tested fell in the desirable category for total cholesterol. The other half was classified as borderline high (35.1%) and high (13.8%). The highest proportion of cholesterol tested fell in the desirable category for both gender groups, both nationality groups and all age groups.
The prevalence of hypercholesterolemia level was 13.8% with a 95% CI of 12.1% -15.55% (Table 1) . However, the combined prevalence of borderline hypercholesterolemia and hypercholesterolemia was 48.9% with a 95% CI of 46.4% -51.4%. 
Triglyceride
The mean serum triglyceride value of the population was 1.90 ± 0.97 mmol/L. Nearly three-quarters (73.1%) of the patients had desirable triglyceride levels. Only 17.0% had high triglyceride while the remaining 9.9% had borderline triglyceride levels. The highest proportion of triglyceride tested fell in the desirable category for both genders, both nationality groups and all age groups.
The prevalence of hypertriglyceridemia was 15.3% with a 95% CI of 13.5% -17.1%. The combined prevalence of borderline high and high triglyceride level was 26.9% with a 95% CI of 24.7% -29.1%.
HDL-Cholesterol
The mean HDL-C value of the study population was 1.14 ± 0.32 mmol/L. Of the 1541 samples, only 9.5% fell in the high HDL-C category. Half (50.5%) of the patients had borderline HDL-C while 40.0% had low HDL-C.
The prevalence of hypo-HDL-cholesterolemia level was 40.0% with a 95% CI of 37.6% -42.5%. However, the prevalence of borderline low HDL level is 50.48% with a 95% CI of 48.0% -53.0%. The combined prevalence of borderline hypo-HDL-cholesterolemia and hypo-HDL-cholesterolemia was 90.5% with a 95% CI of 89.1% -92.0%.
LDL-Cholesterol
The mean LDL-C value of the study population was 3.11 ± 0.92 mmol/L. Majority of the patients had near optimal or optimal LDL-C levels at 32.7% and 29.2%, respectively. Among the patients, 9.3% fell in the high LDL-C category while 3.5% were in the very high LDL-C category. The remaining 25.2% fell in the borderline category for LDL-C.
The prevalence of hyper-LDL-cholesterolemia is 12.85% with a 95% CI of 11.2% -14.5%. The combined prevalence of borderline hyper-LDL-cholesterolemia and hyper-LDL-cholesterolemia was 38.1% with a 95% CI of 35.7% -40.5%.
Determinants of Dyslipidemia
Multiple logistic regression was used to identify possible associations between age, gender and nationality of the clinic patients and the result of their lipid analysis. Four types of dyslipidemia were examined, namely hypercholesterolemia, hypertriglyceridemia, hypo-HDL-cholesterolemia, and hyper-LDL-cholesterolemia.
Hypercholesterolemia
Patients who are 30 -39 years and those who are 60 -69 years were 3 times more likely to have borderline to high levels of cholesterol compared to those who were below 20 years old after controlling for gender and nationality ( Table 2) . On the other hand, the odds of having borderline high to high levels of cholesterol were 4.5 times for patients who were 40 -49 and 4 times higher for those who were 50 -59 years compared to those who were below 20 years old after controlling for gender and nationality.
When age and nationality were held constant, females were 1.4 times more likely to be having borderline to high levels of cholesterol compared to males. The risk for hypercholesterolemia was unaffected by nationality when other variables were held constant.
Hypertriglyceridemia
When nationality and gender were held constant, patients who were between the age of 30 to 39 were at higher risk for having borderline high to high levels of triglyceride (OR = 4.4, p = 0.001) compared to patients who were below 20. Two other age groups had significantly higher risks for hypertriglyceridemia, namely those in the 40 -49 age group (OR = 2.86, p = 0.019) and patients who were in 50 -59 group (OR = 2.55, p = 0.037).
Females had a 34% lower risk of having borderline high to high triglyceride compared to males when age and nationality were held constant (p = 0.001). On the other hand, when age and gender were held constant, non-Saudis were 1.8 times more likely of having borderline and high triglyceride compared to Saudis (p < 0.001).
Hypo-HDL-Cholesterolemia.
There was no significant increased risk for low HDL found among any age groups compared to those below 20 years old when gender and nationality were held constant. Females were 87% less likely to have borderline-low to low HDL compared to males when age and nationality were held constant. However, nationality was not significantly associated with increased risk for this type of dyslipidemia when the other variables were held constant.
Hyper-LDL-Cholesterolemia
The likelihood of having elevated LDL-C was the highest for 40 -49 age group, and decreased among 50 -59, 30 -39, 20 -29 years of age, and finally 60 -69 age groups.
Patients who were between the age of 40 -49 years were 3.5 times more likely to have borderline high, high and very high levels of LDL-C compared to those who were below 20 years after controlling for gender and nationality (p = 0.001).
The odds for elevated LDL was 3.3 times higher for the 50 -59 and 3 times higher for the 30 -39 group compared to those below 20 when gender and nationality were held constant. Those who were between the age of 60 -69 years were 2.1 times more likely to be having borderline high, high and very high levels of LDL-C compared to those who were below 20 years after controlling for gender and nationality. The odds was also doubled for the 20 -29 and the 60 -69-year-old patients.
The odds for hyper-LDL-cholesterolemia did not appear to be significantly associated with gender and nationality when other variables were held constant.
DISCUSSION
The mean total serum cholesterol of men (5.07 ± 1.03 mmol/L) and women (5.24 ± 1.07 mmol/L) differed significantly (p = 0.001). A higher proportion of females had total cholesterol levels that fell in the borderline high and high categories. Age by gender analysis showed that for men, the prevalence of hypercholesterolemia increased with age and peaks at 30 -39 then decreased after this age group. For women, the prevalence increased until age 50 -59 before declining ( Table 3) . Wide variations in prevalence rates and gender-specific prevalence rates of hypercholesterolemia and hyper-LDLcholesterolemia in the Middle East have been reported [30] . A Saudi study showed that males were found to consistently have higher mean scores for CHD risk factors compared to females [24] .
Gender difference in hypercholesterolemia prevalence was similarly observed in the community-based national epidemiological survey in KSA [31] . In contrast, a 2012 study conducted in Riyadh showed that hypercholesterolemia was more prevalent among women [32] . A recent study in a university setting revealed that both hypercholesterolemia and hypertriglyceridemia were common among male patients [33] .
Hypercholesterolemia was highest among the 50 -59-year-old patients. Additionally, nationality by age analysis showed that the highest proportion of patients with hypercholesterolemia was in the 70 and over group among Saudis but was in the 20 and below group among the non-Saudis ( Table 4) . The mean serum triglyceride of men (2.01 ± 1.02 mmol/L) and women (1.76 ± 0.87 mmol/L) differed significantly (p = 0.001). A higher proportion of male patients had hypertriglyceridemia was higher for men (20.1%) than for women (13.0%). The gender difference in hypertriglyceridemia observed in this study was similarly reported in previous studies [31, 32] .
Age by gender analysis showed that the proportion of patients with hypertriglyceridemia was highest for the 30 -39 age group and decreased gradually in the older age groups for males while among female patients, the highest proportion was seen in the 70 and above age group. The same trend was observed among Saudi and non-Saudi patients across the age groups. A similar age-related increase was seen in a population-based cohort study conducted in Japan. However, whereas the rates decreased after the 40 -49 age group in the current study for both genders, a linear increase in serum triglyceride was seen among Japanese women [34] .
The mean serum HDL-C of men (1.04 ± 0.24 mmol/L) and women (1.27 ± 0.36 mmol/L) differed significantly (p < 0.001). Hypo-HDL-cholesterolemia was more common among in men (52.3%) than among women (24.4%).
The proportion of patients with hypo-HDL-cholesterolemia was highest at age group 60 -69 for males, age group 70 and over for females, age group 40 -49 among Saudis, and age group 60 -69 among non-Saudis. Age-related changes were also seen in a Japanese study but were found to be significantly correlated only to women [34] .
Hypo-HDL-cholesterolemia was found to be associated with ischemic heart disease development independent of hyper-LDL-cholesterolemia [17] . On the other hand, HDL cholesterol levels have been proven as strong inverse predictors of cardiovascular disease and cardiovascular mortality for both men and women [17, 18] .
The mean serum LDL-C of men (3.18 ± 0.91 mmol/L) and women (3.10 ± 0.95 mmol/L) did not differ significantly (p = 0.660). The prevalence of hyper-LDL-cholesterolemia was slightly higher for women (13.3%) than for men (12.5%).
Age by gender analysis showed that the proportion of patients with hyper-LDL-cholesterolemia increased with age for men and peaked at 30 -39 then decreased after this group. For women, the prevalence was highest in the age group 50 -59.
Among the Saudis, the proportion of cases of hyper-LDL-cholesterolemia increased with age, and peaked in the 50 -59 group before declining. Among the non-Saudis, an earlier peak at age group 40 -49 was observed.
The prevalence of elevated Low-Density Lipoprotein (LDL) in the Middle East varied between men and in women [30] . Increases in the prevalence rate of hyper-LDL-cholesterolemia has been shown to be age-dependent [35] . A Japanese study on age-related clinical parameters showed that hyper-LDL-cholesterolemia increased up to age 50 -59 for men and up to 60 -69 for women [34] .
This study had several limitations. The study utilized secondary data therefore the investigators did not have control over the quality of the laboratory test results. There was a minimal tendency for misclassification bias transpiring. Furthermore, the prevalence of specific types of dyslipidemia obtained did not completely manifest dyslipidemia in the university community, much less the residents of the community where the clinic is located. Determinants examined in the study were limited to those available in the patients' records specifically: age, gender, and nationality. Other factors such as dietary intake of fats, comorbidities, family history of dyslipidemia, smoking status, alcohol consumption, etc., which might be plausible contributory causes of the various forms of dyslipidemia were not considered. The results of the study are only validly applicable to the sampled population and not the overall Saudi population due to the inherent restrictions of the sampling scheme applied.
CONCLUSION
The study found that the different forms of dyslipidemia were prevalent among patients of the university clinic, with hypo-HDL-cholesterolemia as the most common among its clients. This study showed that gender was a significant determinant for hypercholesterolemia, hypertriglyceridemia, hypo-HDL-cholesterolemia; age was a significant determinant for hypercholesterolemia, hypertriglyceridemia, and hyper-LDL-cholesterolemia; and finally, nationality was a significant determinant for hypertriglyceridemia.
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